Background--Blood pressure (BP) treatment goals in patients with diabetes mellitus and increased cardiovascular risk remain controversial. Our study objective was to determine cardiovascular outcomes according to achieved BPs over the average follow-up period in the EXAMINE (Examination of Cardiovascular Outcomes With Alogliptin Versus Standard of Care) trial.
L owering blood pressure (BP) in patients with type 2 diabetes mellitus reduces the risk of cardiovascular events and death, but the optimal target BP has been controversial in patients with coronary artery disease. 1, 2 An observational analysis of INVEST (International Verapamil SRTrandolapril Study) in patients with type 2 diabetes mellitus showed no improvement in rates of myocardial infarction (MI) or cardiovascular death for BPs <140/90 mm Hg. 3 In contrast, SPRINT (Systolic Blood Pressure Interventional Trial) showed that targeting a systolic BP of <120 mm Hg in high-risk patients without type 2 diabetes mellitus was associated with a reduction in BP-related adverse outcomes, particularly heart failure and cardiovascular mortality. 4 Of note, unlike other contemporary outcome trials, BP measurements in SPRINT used a digital device and often were not attended by a clinician; these BP values are generally believed to be lower than those measured in the presence of a physician or nurse. 5 Observational studies have shown that death due to cardiovascular disease increases progressively and linearly with BP. 6, 7 However, linearity between BP and cardiovascular outcomes has been challenged by results of clinical trials. The ACCORD (Action to Control Cardiovascular Risk in Diabetes) trial showed no differences in major adverse cardiac events (MACE) at <120 mm Hg versus <140 mm Hg, although stroke rates were lower in those patients randomized to the intensive systolic BP target, and cardiovascular events were reduced by 26% in the standard glycemic intervention subgroup. 8, 9 The ACCOMPLISH (Avoiding Cardiovascular Events Through Combination Therapy in Patients Living With Systolic Hypertension) trial showed that although cardiovascular benefit was observed at systolic BPs <140 mm Hg, no additional benefit occurred at lower systolic BPs. 10 In addition, in mostly nondiabetic patients with a recent acute coronary syndrome (ACS), the PROVE-IT (Pravastatin or Atorvastatin Evaluation and Infection Therapy) trial showed that the lowest cardiovascular event rates were associated with mean achieved BP levels of 136/85 mm Hg.
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Guidelines by the American Heart Association (AHA), American College of Cardiology (ACC), and American Society of Hypertension (ASH) in 2015 recommended a BP target of <140/90 mm Hg in patients with hypertension who had a history of coronary disease. 12 Subsequently, the 2017 AHA/ ACC hypertension guideline committee recommended a BP target of <130/80 mm Hg in all patients with high cardiovascular risk including those with ischemic heart disease. 13 In contrast, other guideline committees have recommended a systolic BP <140 mm Hg, 14 whereas others recommended a goal of <150 mm Hg for patients aged ≥60 years who do not have cardiovascular disease and <140 mm Hg if there is a history of stroke or cardiac diseases. 15, 16 The 2018 American Diabetes Association standards of care 17 recently recommended a BP target of <140/90 mm Hg for most patients with diabetes mellitus but suggest that patients at high cardiovascular risk may benefit from a target of 130/80 mm Hg.
To address the question of a target for clinician-measured BPs in patients with diabetes mellitus and high cardiovascular risk, we evaluated the relationships among achieved clinician BPs over the average follow-up period and cardiovascular outcomes in the EXAMINE (Examination of Cardiovascular Outcomes With Alogliptin Versus Standard of Care) trial, 18 a prospective, randomized, placebo-controlled trial evaluating the cardiovascular safety of the DPP-4 (dipeptidyl peptidase 4) inhibitor alogliptin in patients with type 2 diabetes mellitus and a recent ACS.
Methods
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure. The reason for this decision is that the publication committee is still actively working on several reports from the EXAMINE database and wishes to complete its work before making the data available for public dissemination.
Study Population and Follow-up
EXAMINE was a phase 3, multicenter, prospective, doubleblind, randomized trial in which the DPP-4 inhibitor
Clinical Perspective
What Is New?
• We determined cardiovascular outcomes according to clinician-achieved blood pressure (BP) levels in the EXAMINE (Examination of Cardiovascular Outcomes With Alogliptin Versus Standard of Care) trial, a patient population with type 2 diabetes mellitus and recent acute coronary syndromes.
• A U-shaped relationship between cardiovascular outcomes and BPs was observed.
• Adjusted hazard ratios for both major adverse cardiac events and cardiovascular death or heart failure were significantly higher in patients with systolic BPs <130 mm Hg.
• In addition, hazard ratios for major adverse cardiac events and for cardiovascular death or heart failure were significantly higher for diastolic BPs <80 mm Hg.
• Our analysis did not support the suggestion that these findings were due to reverse causality.
What Are the Clinical Implications?
• Controversy remains regarding the target BP values in patients with hypertension and coronary artery disease.
• In the EXAMINE patients-who had both type 2 diabetes mellitus and a recent acute coronary syndrome-lowering BP to <130/80 mm Hg versus 130 to 140/80 to 89 mm Hg was associated with worsened cardiovascular outcomes.
• These data suggest that intensive BP control in patients with diabetes mellitus and ischemic heart disease should be evaluated in a prospective randomized trial that considers clinical characteristics including age and cardiac function and methodology of BP measurement. 
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Duration of diabetes mellitus, y 13.5 (7.6-22.1) Major exclusion criteria included a diagnosis of type 1 diabetes mellitus; unstable cardiac disorders, such as New York Heart Association class 4 heart failure, refractory angina, uncontrolled arrhythmias, critical valvular heart disease, or severe uncontrolled hypertension; and dialysis within 14 days of screening. The EXAMINE trial was approved by regional institutional review boards, and participants gave informed consent before any study-related procedure was initiated.
The primary results demonstrated comparable cardiovascular outcomes for the DPP-4 inhibitor alogliptin and placebo. Patients in EXAMINE were followed for up to 40 months (median duration: 18 months). Patients were assessed at 1, 3, 6, 9, and 12 months after randomization during the first year of the study and every 4 months during subsequent years of participation. BPs were measured in the seated position in duplicate at every visit by clinicians according to AHA recommendations. 19 The EXAMINE protocol advocated that control of all cardiovascular risk factors, including hypertension, be maintained according to evidence-based standards for participating countries and investigative sites.
Study Outcomes

Cardiovascular outcomes
Primary and secondary outcome measures in the present analysis were the same as those described in the primary trial results. 18 The primary end point was a composite of death due to cardiovascular causes, nonfatal MI, and nonfatal stroke. Other major end points included a composite of cardiovascular mortality or hospitalization for heart failure and all-cause mortality or hospitalization for heart failure. 19, 20 Cardiovascular events were prospectively adjudicated by an end points committee (C5, Cleveland Clinic, Cleveland, Ohio) blinded to treatment assignment. 
Statistical Analysis
The risk of cardiovascular events was analyzed using a Cox proportional hazards model with adjustment for baseline covariates in 10-mm Hg increments of clinic systolic BPs from ≤100 to >160 mm Hg and diastolic BPs from ≤60 to >100 mm Hg averaged during the postrandomization period. Based on the 2015 ACC/AHA/ASH guideline for the treatment of hypertension in patients with ischemic heart disease, 12 systolic BPs of 131 to 140 mm Hg and diastolic
BPs of 81 to 90 mm Hg were chosen as the reference groups.
Cox proportional hazards analysis was performed to assess the risk of outcomes for each 10-mm Hg increment or decrement in BP. The analysis included BP category as the major factor, with adjustments for age, sex, smoking, baseline body mass index, history of hypertension, duration and treatment of diabetes mellitus, history of coronary artery bypass grafting surgery, coronary angioplasty, angina pectoris, cerebrovascular disease, congestive heart failure, peripheral arterial disease, estimated glomerular filtration rate, transient ischemic attack, angiotensin receptor blockers, diuretics, and aspirin effect. The whole EXAMINE cohort and the 2 randomized treatment groups separately followed the same BP and event patterns, so the entire cohort was analyzed. BP indicates blood pressure; CI, confidence interval; DBP, diastolic blood pressure; HR, hazard ratio; SBP, systolic blood pressure.
Models were created using baseline BP and average ontreatment follow-up BPs. BP measurements were included only before the first event (MACE, death, hospitalized heart failure, MI, stroke) for the average follow-up BP calculation. Consequently, even if they are not baseline measurements, they were still considered as "baseline" as the BPs were taken before the event. The average follow-up BP represents the effect of BP control over a period of time rather than at 1 point in time; this was considered to be a superior way of predicting long-term events and was used for the development of cubic spline analyses. We hypothesized that if a J-or U-shaped relationship was found with both baseline and average follow-up BP variables and outcomes, it was likely due to reverse causality (with low BP being representative of poor prognosis). If, however, a J-or U-shaped relationship was found with average clinician BPs but not with baseline BPs, the BP itself was more likely to contribute to increased events at follow-up. In addition, baseline, average mean, and final BPs as well as the number of BPs were calculated in those study patients who had a nonfatal cardiovascular event or who died versus those who did not die or who did not have a nonfatal cardiovascular event. Patients were censored at the point of death if they did not have a prior nonfatal event of interest. All analyses were performed using SAS version 9.4 (SAS Institute) and were performed by the biometrics group at the Baim Clinical Research Institute (Boston, Massachusetts).
Results
Baseline Patients Characteristics
The baseline characteristics according to the systolic and diastolic BP categories are shown in Table 1 . Higher categories of systolic BP were associated with older age, whereas higher categories of diastolic BP were associated with younger age. Higher systolic and diastolic BPs were associated with higher body mass index. In addition, the duration of diabetes mellitus was longer in patients with higher systolic BP and lower in patients with higher diastolic BP. Kidney function was lower in patients with the highest levels of systolic and diastolic BP; history of heart failure and baseline BNP (brain natriuretic peptide) levels were highest in those patients with low systolic and diastolic BP at baseline. Corresponding to these findings was higher use of diuretics and mineralocorticoid receptor antagonists in patients with lower systolic and diastolic BPs. Of note, use of insulin was more common in patients who had higher baseline systolic BP and lower levels of baseline diastolic BP.
BP and MACE (Primary End Point)
After adjustment for baseline covariates compared with the systolic BP reference group (systolic BP 131-140 mm Hg), the risk of the primary outcome increased significantly in the groups with achieved clinician average follow-up systolic BPs <130 mm Hg and those patients whose baseline systolic BPs were <120 mm Hg or >160 mm Hg (Table 2, Figure 1 ). The risk of the primary outcome was also significantly greater in those patients whose achieved clinician average follow-up diastolic BPs were ≤71 to 80 mm Hg compared with the reference group (diastolic BP 81-90 mm Hg; Table 2 , Figure 1 ). Similar results were observed when the diastolic BP was ≤61 to 70 mm Hg at baseline. There were too few events in the group with the highest levels of diastolic BP to evaluate outcomes. A J-shaped relationship was demonstrated for the achieved average follow-up systolic BP but not with the baseline systolic and diastolic BPs ( Figure 1 ).
As shown in Figure 2 , restricted cubic spline curves showed a U-shaped relationship between the achieved average follow-up clinician BP and the hazard ratio for the primary end point in EXAMINE, particularly for the diastolic BP. Adjusted hazard rates for the composite of cardiovascular death, nonfatal MI, and nonfatal stroke were higher for systolic BPs >135 or <135 mm Hg and for diastolic BPs >78 or <78 mm Hg.
BP and Other Cardiovascular Outcomes
The risk of the composite of cardiovascular death or heart failure was significantly greater in patients whose achieved average follow-up systolic BP was ≤121 to 130 mm Hg compared with the reference group (131-140 mm Hg); for baseline systolic BPs, the hazard ratio was greater for values of ≤111 to 120 mm Hg (Table 3 ). The risk of the composite of cardiovascular death or heart failure also was significantly greater in patients with average follow-up diastolic BP of ≤71 to 80 mm Hg compared with the reference group (81-90 mm Hg) and in the group with baseline diastolic BP between ≤61 and 70 mm Hg compared with the reference group (Table 3) . A more pronounced J-shaped relationship was demonstrated for the achieved average follow-up systolic and diastolic BPs than with the baseline systolic BP (Figure 1 ).
All-cause mortality results are shown in Table 4 . The hazard ratios were significantly greater for average followup systolic BPs of ≤111 to 120 mm Hg than the reference group and for average follow-up diastolic BPs of ≤71 to 80 mm Hg compared with the reference group. Similar trends were found for the baseline BP levels and all-cause mortality.
The relationship between achieved average follow-up and baseline BPs and nonfatal MI (Table 5) show similar trends for the primary end point. Achieved average follow-up systolic BPs of ≤121 to 130 mm Hg and diastolic BPs of ≤71 to 80 mm Hg have significantly higher adjusted hazard ratios for MI compared with the reference group. Baseline systolic BPs >150 mm Hg were also associated with an increased risk of nonfatal MI compared with the reference group, but this was not observed with the achieved average follow-up systolic BPs.
Hospitalization for heart failure alone and cardiovascular death alone (Tables 6 and 7 ) also showed higher hazard ratios for achieved average clinician systolic BPs of ≤121 to 130 mm Hg compared with the reference and for diastolic BPs of ≤61 to 70 mm Hg compared with the reference group. Event rates for nonfatal stroke were low; therefore, relationship between the BP levels and stroke outcomes could not be meaningfully assessed (Table 8) .
BPs at baseline, averaged over the entire study period, and at the last visit of the trial (or if censored because of death or study discontinuation related to an event) were similar in those patients who did versus did not have a nonfatal MI or stroke (Table 9) , who did versus did not have a hospitalization for heart failure (Table 10) , or who lived versus sustained a cardiovascular death during the trial (Table 11 ). In addition, the median follow-up in the trial was comparable for those who did versus did not have a nonfatal event. 
Discussion
The primary results of our BP analysis in patients with diabetes mellitus and ischemic heart disease from the EXAMINE trial showed that rates of the primary end point (MACE) were increasingly higher as systolic BPs fell <130 mm Hg and diastolic BPs fell <80 mm Hg compared with the reference range of 131 to 140/81 to 90 mm Hg. Similar results were observed for the composite of cardiovascular death or hospitalization for heart failure and the individual events of all-cause mortality, non-fatal MI, and hospitalization for heart failure. The degree of risk was notably greater for those who had achieved average follow-up BPs of <120/70 mm Hg. Rates of MACE, including mortality, were lowest in patients whose pressures were maintained at a nadir of 135/78 mm Hg. Consequently, both lower systolic BP indicates blood pressure; CI, confidence interval; DBP, diastolic blood pressure; HR, hazard ratio; MI, myocardial infarction; SBP, systolic blood pressure. and diastolic BPs at baseline and on treatment were associated with greater cardiovascular risk.
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In patients treated for hypertension, the 2017 AHA/ACC hypertension guidelines recommended a target of <130/ 80 mm Hg for patients with ischemic heart disease and for patients with diabetes mellitus. 13 Our results suggest that an ideal BP target for patients with hypertension, ischemic heart disease, and type 2 diabetes mellitus may be somewhat higher than this recommendation. Furthermore, there is substantially increased cardiovascular hazard if the clinicianmeasured BP is <120/70 mm Hg, an issue that has not been comprehensively addressed in recent guidelines. [13] [14] [15] [16] [17] In 2015, SPRINT 4 demonstrated that achieving a systolic BP of <120 mm Hg in patients with increased cardiovascular risk was associated with a reduction in BP-related adverse outcomes, particularly hospitalization for heart failure and death due to cardiovascular causes. Recent post hoc and secondary analyses of SPRINT have shown that patients who had low baseline cardiovascular risk had less benefit and more adverse renal events in the intensively treated group than in the standard group. 21 Furthermore, those patients in the lowest quintile of diastolic BP at baseline (61 mm Hg) had higher rates of cardiovascular events, but there was still marginal benefit from intensive lowering of systolic BP in this group with low diastolic BP. 22 The level of BP in SPRINT was based on digital measurements by a device not requiring the attendance of a physician or nurse, a measurement technique now recommended in the 2017 ACC/AHA BP guidelines. 13 These types of measurements, which avoid talking and the anxiety provoked by a clinician's presence, are estimated to be several millimeters of mercury lower than systolic BPs obtained by manual measurement by a physician or nurse. 23, 24 Patients in EXAMINE had standard measurements of BP taken by clinicians, as is typically done in practice; therefore, it is likely that the results relating BP Data are shown as meanAESD or n (%) except as noted. BMI indicates body mass index; BP, blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; IQR, interquartile range; MACE, major adverse cardiac events; MI, myocardial infarction; PAD, peripheral artery disease; RAS, renin-angiotensin system; SBP, systolic blood pressure. *Measurements were censored after an event occurred. levels to cardiovascular outcomes from SPRINT versus those found in EXAMINE are not comparable based on the variance in BP measurement methodology as well as differences in patient populations.
Analyses from other preventive cardiology clinical trials support our findings. The ACCOMPLISH trial, which studied patients with hypertension and increased cardiovascular risk, found that, compared with a systolic BP ≥140 mm Hg, achieving <140 mm Hg produced significant cardiovascular outcomes benefits-but there was no further benefit at lower systolic BP levels. 10 As in EXAMINE, however, systolic BP was not intentionally treated to lower goals as a comparison. For patients with recent ACSs, the PROVE-IT (Pravastatin or Atorvastatin Evaluation and Infection Therapy) trial reported that achieved BPs of 136/85 mm Hg were associated with the lowest secondary cardiovascular event rates in a population of primarily nondiabetic patients.
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A linear relationship between levels of BP and cardiovascular outcomes has been observed in the general hypertensive population, particularly for stroke; however, in patients with coronary artery disease, the relationship between BP and cardiovascular outcomes often shows a J-or a U-shaped curve, with higher cardiovascular event rates at lower levels of BP. 25 Patients with ischemic heart disease who develop Data are shown as meanAESD or n (%) except as noted. BMI indicates body mass index; BP, blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; IQR, interquartile range; MACE, major adverse cardiac events; MI, myocardial infarction; PAD, peripheral artery disease; RAS, renin-angiotensin system; SBP, systolic blood pressure. *Measurements were censored after an event occurred.
reduced coronary perfusion pressure and have altered autoregulatory capacity due to endothelial dysfunction and oxidative stress may be susceptible to ischemic events in a condition of low BP, particularly during diastole. 26 It is also possible that a J-curve relationship occurs because of preexisting disease, and reverse causality is playing a role in the relationship. In EXAMINE, the former etiology seems more plausible because the relationship of baseline BP and cardiovascular outcomes was weak, whereas the relationship with longer term postrandomization average BP and cardiovascular outcomes was more robust-a finding also seen in PROVE-IT 11 and in a secondary analysis of TNT (Treating to New Targets Trial) 27 . Furthermore, BP values late in the trial period differed by only 4/0 mm Hg in those patients with nonfatal MI, stroke, or heart failure hospitalization, suggesting that reverse causality was improbable for the nonfatal events. These new results from EXAMINE extend our knowledge in patients with type 2 diabetes mellitus and a recent coronary event, suggesting the hypothesis that BP should not be lowered excessively under 130/80 mm Hg. Ultimately, this hypothesis should be tested in a randomized controlled trial testing different BP targets. A limitation of our study is that although BP was measured by clinicians using recommended AHA methods, the BP Data are shown as meanAESD or n (%) except as noted. BMI indicates body mass index; BP, blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; IQR, interquartile range; MACE, major adverse cardiac events; MI, myocardial infarction; PAD, peripheral artery disease; RAS, renin-angiotensin system; SBP, systolic blood pressure. *Measurements were censored after an event occurred.
devices were not standardized across centers. In addition, although recommendations were made to manage all cardiovascular risk factors according to standard of care during the conduct of the EXAMINE trial, lower BP levels were not necessarily achieved by purposefully intensifying therapy to achieve a BP goal <140/90 mm Hg. In addition, the numbers of patients and events in the highest category of systolic BP (>160 mm Hg) were too small to provide meaningful relationships compared with the reference group. Because this post hoc analysis is derived from a population with a recent ACS and type 2 diabetes mellitus, the results cannot be extrapolated to other populations with chronic hypertension. Our study is strengthened by the fact that we had a wellcharacterized sample with substantial follow-up, a high cardiovascular event rate, and blinded adjudications of all cardiovascular events and deaths. In addition, because BP values did not drop in those patients with events toward the latter part of the study and their median duration in the trial was similar to those who did not have an event, the association between achieved BPs and cardiovascular outcomes seen in EXAMINE did not appear likely to be due to reverse causality. The EXAMINE study, which was composed of a patient population with type 2 diabetes mellitus and a recent ACS, demonstrated that BPs <130/80 mm Hg were associated with an increased risk of secondary cardiovascular events, including mortality. These data suggest that excessively intensive control of BP in patients with type 2 diabetes mellitus and ischemic heart disease may be harmful and create a hypothesis that should be tested in a randomized controlled trial.
